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Introduction
The Kulshan Carbon Trust is a Washington-based non-profit implementing collaborative
natural climate solutions in Whatcom and Skagit Counties through landholder engagement,
supply chain development, market incentives, and workforce training. The KCT aims to promote
regenerative land use practices that reduce agriculture, forestry, and land development emissions
and increase carbon sequestration by supporting regenerative agriculture, forest restoration, and
biochar production in our community. KCT provides an organizational framework that puts
people to work protecting existing carbon reserves and rebuilding carbon stockpiles in soils and
plants to foster healthy ecosystems for future generations. As an intern for the KCT, my role was
to explore agroforestry and its potential for carbon sequestration. Depending on the results of my
findings, the KCT plans to decide whether to peruse agroforestry for their next pilot project. For
my research I explored several types of agroforestry including silvopasture, forest farming,
riparian buffers, and alley cropping. The purpose of this exploration was to determine which
type(s) of agroforestry would be most applicable to the region and then which species work best
in those systems. An additional consideration was the systems carbon sequestering potential, as
those systems would offer the most economic incentive due to their higher carbon credit value.

Duties and Responsibilities
Agroforestry is a land management system that utilizes the co-benefits created when trees
and/or shrubs are deliberately combined with crops and/or livestock. Agroforestry provides
ecological as well as economic benefits and must satisfy the four “i”s :intentional, intensive,
integrated, and interactive. To increase farm profitability agroforestry increases the total output
per unit area when it has a combination of trees/crops/livestock. Additionally, adding new
products increases the financial diversity and flexibility of the farm (Association for Temperate
Agroforestry 2014). The diversification of products is especially important in a changing climate
because it allows for greater security if some crops or trees decrease production when the
environment becomes unsuitable. While there are several economic benefits once established,
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many agroforestry practices take several years after implementation to see any economic returns.
Specifically, fruit and nut trees usually do not produce until they reach maturity and trees used
for timber are not ready to be cut down until there are of a substantive size. Thus, for farmers one
of the main obstacles in the transition to agroforestry is the upfront costs and the lack of income
during the growth period.
Unfortunately, many of the grants to assist farmers in this transition are not
comprehensive. Funding from grants such as the Sustainable Agriculture Research and
Education (SARE) grant and Conservation and Reserve Enhancement Program (CREP) cover
the initial costs of purchasing the necessary seeds/trees and sometimes assist the farmer in
planting. However, there is no financial support for the farmer once the agroforestry systems are
established. If the farmer is not well equipped to economically withstand the first several years
without substantial income there is little incentive to accept this type of grant as traditional
agriculture offers more initial security. This gap in funding provides an excellent opportunity for
the Kulshan Carbon Trust to facilitate a relationship between businesses searching for carbon
credits and farmers requiring more capital. To determine how the process for carbon credits
would work, I explored how to quantify the carbon sequestering potential for various shrubs,
trees, and crops.
Because the agroforestry techniques are variable depending on climate and region, it was
important to explore case studies specific to the Pacific Northwest. I spent most of my time
reading articles and government documents that detailed the various types of agroforestry
practices. Perhaps the most helpful experience, however, was visiting a farm in Snohomish
County that has received several agroforestry grants. This farm, Raising Cane Ranch, has
implemented alley cropping, forest farming and silvopasture. Speaking with the owner gave
insight into the successes and challenges that arose with these regenerative agriculture practices.
Additionally, I spoke with several experts on agroforestry in the Pacific Northwest. These
conversations served to direct my research as well as supplementing information found in
literature. Each week I also met with co-founder of the Kulshan Carbon Trust, who acted as my
internship supervisor. These conversations regarded my findings from the previous week to
determine which future steps I needed to take. The culmination of my work consisted of the
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creation of a document summarizing my conclusions and what future steps would need to be
taken before a grant proposal could be written. In the future, the KCT hopes to obtain a grant to
fund an agroforestry for its next pilot project.
Outcomes
To summarize the work performed throughout the internship period, I created a document
on agroforestry in the Pacific Northwest. The paper covers an overview on agroforestry, USDA
implementation standards for various types of agroforestry, and crops that were identified as
being the most potentially viable for Whatcom and Skagit Counties. Additionally included is
case study review of Raising Cane Ranch, as well as existing methodologies on carbon
accounting. This document is intended to serve as a quick overview for KCT employees and
other professions going to work on the agroforestry pilot project. The hope is that it will provide
enough understanding, or at least sources that have the information, to begin working on putting
this practice into place. Based on the research included in the report, more work needs to be done
to explore the viability of agroforestry in the Pacific Northwest before this project can begin. The
full report is located in Appendix A.
Assessment
Through my literature review and conversations with experts, considerable information
was revealed about the present state of research on agroforestry in the Pacific Northwest.
Currently there is a lack of completed research surrounding this topic for the region. While
ample work has been done in other areas of the United States, most research in western
Washington is still unfolding. There are a couple organizations that have worked to obtain grant
money to introduce the techniques on various farms, but little has been published on the results.
Raising Cane Ranch, for instance, is still in the growth phase of their operation and has yet to see
substantial harvests from their alley cropping or forest farm systems. Additionally, the farm
owners noted numerous hardships and that their profits could be much higher with traditional
agricultural practices.
While research is lacking in western Washington, more information exists in eastern
Washington and Oregon. Oregon State University has the most comprehensive data base for
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agroforestry research but even that is slightly behind. Retired agroforestry professor, Dr. Badege
Bishaw, is sure that once established agroforestry can be just as profitable as traditional
agriculture (personal communication, 2022). However, in western Washington there is not
enough data to support this conclusion. Based on these conditions it was difficult to assess the
viability of perusing this topic as the next pilot project. For this reason, after discussion with my
advisors, I shifted away from a grant proposal to a next steps plan. This document served to
highlight research gaps and what questions about agroforestry have yet to be resolved. In
continuing with this project, this document will assist in narrowing research efforts to look
specifically at these gaps. In order to accomplish this goal, it is likely going to be most useful to
continue speaking with individuals who are currently working with agroforestry in some
capacity, as well as looking at work done in other regions and seeing where applicable crossover
may exist.
Another setback was the lack of research done on carbon accounting. There are a couple
different methods for assessing carbon stores in soil, but I was unable to determine if there was
any methodology created for determining carbon stored above ground in trees, shrubs, or crops.
Without this information an accurate estimation of the increased carbon stores would be almost
impossible to acquire. Using just below ground carbon estimations would neglect to account for
a significant amount of the total carbon sequestered, as well as missing carbon stored in crops
that are grown completely above ground. Log grown mushrooms, for example, would be
excluded from this calculation although they offer great carbon sequestering potential. Until a
more clear and accepted methodology exists, it will be challenging to decide how to allocate
carbon credits. The Chicago Climate Exchange attempted a similar process but is largely
considered to be a failure (Climate Action 2010). With that in mind it is imperative to understand
that a new approach or better science is needed for this process to succeed.
Despite the evolving purpose of my research and the sometimes-unsatisfying discoveries,
the project was a success. Given the information that I know now, I would have begun my
research by speaking with experts as that has proven to be the most useful. This would have also
likely saved time, so that instead of searching for information that does not exist I could have
focused on more relevant sources, like in other areas of the United States. However, the process
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of creating a report based on available science has improved my research and writing abilities.
Additionally, speaking with professionals and creating interview questions is a new skill that I
was able to develop through this process. While the result of the project may not be the one I
imagined, it is exciting to be a part of a climate change solution that is novel and innovative. This
experience was very influential in helping determine which careers in environmental science are
most enticing. I will consider perusing work like this in the future.
Resources
Association for Temperate Agroforestry. 2014. “What Is Agroforestry?” Aftaweb.org.
https://www.aftaweb.org/about/what-is-agroforestry.html.
Climate Action. 2010. “US Carbon Markets Still Alive despite Exchange Closure - Climate
Action.” www.climateaction.org.
https://www.climateaction.org/news/us_carbon_markets_still_alive_despite_exchange_cl
osure (March 18, 2022).
Kulshan Carbon Trust. 2021. “Kulshan Carbon Trust | Carbon Conservation | Bellingham.”
Kulshan Carbon Trust. https://www.kulshancarbontrust.org/ (March 17, 2022).
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Appendices
Appendix A
A. Agroforestry report prepared for the KCT
Agroforestry in Whatcom & Skagit Counties
What is agroforestry?
Agroforestry is the intentional mixing of trees and shrubs into crop and/or animal production
systems. Together, these systems offer the potential for environmental, economic, and social
benefits. There are several types of agroforestry, including riparian forest buffers, windbreaks,
forest farms, and alley cropping. Many of these types of agroforestry allow farmers to utilize
areas of their land that they may not otherwise, providing economic benefits, while also helping
purify water before it enters water systems (USDA National Agroforestry Center, 2012).
Stakeholders are typically most willing to consider forest farming, multi-story cropping, and
alley cropping (Oregon State University, 2021). For Western Washington, and the Pacific
Northwest in general there is a lack of scientific research on agroforestry best practices. It is
being currently explored in several areas (headed by the Snohomish Conservation District and
Oregon State University) but the research is still in the initial phases and generally unpublished.

Why do we need it?
In Western Washington, we are located along the coast of the Northern Puget Sound, a vital
ecosystem for many marine species. This estuary is increasingly threatened due to the population
boom occurring in this area, leading to more pollutant runoff entering the water. The introduction
of agroforestry would help reduce the quantity of pollutants from entering the water systems.
Farming on land that may not otherwise be viable, or simply increasing the number of crops
grown on a certain area of land provides the economic incentive for farmers. One drawback of
agroforestry is the upfront costs to put it into practice. Current incentives require a “no touch”
approach from farmers, which has proven problematic because it disconnects farmers from their
land and removes the economic viability (Oregon State University, 2021). Additionally, while
the funding may cover the costs of materials and implementation, there is not enough support for
the beginning years. Some trees and crops take several years to provide a profit, without support
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those years can be very challenging for farmers (Morales, 2020). Creating funding by using
agroforestry to capture carbon will help alleviate these challenges.

USDA implementation standards
The criteria listed below were created by the USDA for Washington state through the Natural
Resources Conservation Service as the conservation practice standard. More information can be
found on the original document(s) (Natural Resources Conservation Service, 2012).
Alley cropping
§

Rows should be planted perpendicular to erosive winds to reduce top-soil loss

§

Include herbaceous ground cover to reduce surface water runoff and erosion

§

To provide the most carbon benefits plant tree and shrub species that are fast growing,
manage for best density for above and below ground biomass production, and minimize
soil disturbance through no till-methods

§

To maximize profit plant high value trees and shrubs

§

As the trees/shrubs grow they will create a canopy, therefore, when considering which
companion crop to plant, the amount of sunlight required for growth should be the
primary concern

§

Companion crops are typically:
o Row/cereal crops (corn, soybeans, wheat, barley, oats, potatoes, peas, beans)
o Forage crops (fescue, orchard grass, bluegrass, ryegrass, brome, timothy, clover,
alfalfa)
o Specialty crops (blue spruce, dogwood, redbud, Christmas trees, small fruit trees,
golden seal, ginseng)

§

Eventually trees and crops will compete for water and nutrients which means spacing
between rows needs to be wide enough to account for this
o Spacing of 40 feet between rows is required for crop production for 5 to 10 years;
for crop production for 20 years the spacing required is increased to 80 feet.
o Nut trees require wider spacing to fully develop their crowns
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Silvopasture
§

Use plant species that are adapted to the climate, soil, and biological conditions of the site

§

The designated area must be at least 10 percent stocked by single-stemmed woody
species of any size that will be at least 4 meters (13 feet) tall at maturity

§

Do not plant species on the Federal/State invasive species or noxious weeds lists

§

Manage grazing at appropriate levels, control livestock access to areas with sensitive
soils

§

Design the tree planting based on site factors to optimize the amount of sunlight reaching
the ground to maintain forages, while providing desired shelter/shade for livestock.

§

Removal or products is allowed so long as conservation purposes are not compromised

§

To increase carbon sequestration and storage select stocking rates and tree species to
optimize growth rates and lifespans, suited to site capability. Use forage species that are
deeply rooted and allocate higher amounts of carbon to below-ground portions.

Forest farming/multi-story cropping

§

Establish the moisture needs of each story/row and determine if a watering system will be
needed

§

Select plants that are adapted to the climatic region and soil properties
o include a wide variety to prevent loss of function

§

Choose combinations of plants that are compatible and complementary

§

Selected plants, at a minimum, must maintain soil organic matter content
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§

Plants must be pest-resistant varieties and beneficial for pollinators

§

Avoid selecting tree/shrub species that provide habitat to pests of the accompanying crop
or forage (i.e. you would not plant Current or Gooseberry bushes under Western White
Pines because they are in the life cycle of White Pine Blister Rust)

§

Areas with frequent or periodic high to severe winds should leave denser canopies
towards the windward side(s)

§

To reduce surface water runoff and erosion, ground-level vegetation should be sufficient
coverage, with mulch covering any bare areas.

§

To increase net carbon storage in plant biomass and soil:
o manage the appropriate density to maximize above and below ground biomass
production
o minimize soil disturbance during establishment and cultivation of understory
crop(s)

Best potential crops:
Shiitake mushrooms
§

Low impact, little required land, no land clearing required

§

Certain shiitake strains can be force-fruited which means reliable harvest timing,
abundant production, and easy maintenance

§

In the PNW wood would be treated by soaking in water (usually for 24 hours) to survive
dry summers

§

Birch and Alder trees produced the most mushrooms

§

Oyster and shiitake mushrooms retail between $10-$12 per pound retail and $6 per pound
wholesale

§

In 100 sq. ft. growing area growers average 2400 harvest pound per year which comes
out to about $15,000 a year at wholesale prices (could be even more if sold at farmers
markets, or at other vendors for retail prices)

Mycelium are known to increase the potential for carbon sequestration in soil. However, exact
estimates for the increased carbon potential are unknown. Mushroom farming could introduce an
economic source from otherwise unused land, preventing its deforestation or development. In
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this case carbon storage could be calculated by including the surrounding trees, as well as the
mushrooms.
Christmas Trees
Christmas trees farming is a popular industry in Whatcom and Skagit County. These trees could
be grown in alley cropping or forest farming systems. In an alley cropping system they offer a
unique benefit because the trees are being cut down. While the number of years before harvest
depends on the species of tree, typically this period is no longer than 10 years (Landgren et al.,
2003). This short duration would prevent the canopy effect, which harms the crops grown
between the rows. However, a large part of the experience in going to a Christmas tree farm is
the consumer cutting down their own tree. If the trees were grown in an alley cropping system
individuals may have to walk a long distance to reach the tree, and then drag the tree that
distance back to their car. There are ways to circumvent this issue, like the farmer cutting down
the trees and moving them to a closer area for consumers to pick out their tree, but not cut it
down themselves. Additionally, carts or other types of vehicles could be used to move the trees
once cut down so buyers would not have to move the tree themselves. Both solutions would
require more labor from the farmer, and more initial capital but would also introduce a new
income source.
In a forest farm or multi-story cropping system Christmas trees could serve as the specialty
product. This has the benefit of providing income in the winter months, typically after harvesting
the other crops is finished. Similar problems may arise as with alley cropping, due to the
inaccessibility of the trees but it would be more feasible to grow trees in close proximity in this
system. If access to the trees was still too difficult the farmer could cut the trees down and move
them to another area of the property. The table below, taken from Landgren et al. (2003),
displays commonly grown Christmas tree species in the Pacific Northwest, along with other
relevant information for potential growers.
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Agroforestry in the PNW:
Raising Cane Ranch
This farm, located in Snohomish County, employs several agroforestry techniques:
§

In their food forest they grow Aronia berries, currants, huckleberries, hazelnuts, walnuts,
and chestnuts

§

To develop an alley cropping system, cider apples are grown in their hayfields

§

Silvopasture is employed in their fields where they raise Scottish highland cattle amidst
alder, willow, walnut, and locust trees

Owners of the ranch have stated that although they received funding through the Conservation
and Reserve Enhancement Program (CREP), which covered the cost of planting trees and shrubs
along the creek, the money did little to make up for the lost production value of that land.
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Funding was also received from NOAA and a SARE grant. In addition, many of the crops and
trees planted do not become a viable economic source until much later. For instance, orchard
trees can take up to a decade to reach peak production. For these reasons the Raising Cane Ranch
family has included species that provide more immediate returns, but also stress the importance
of more comprehensive funding to help farmers produce more sustainably without losing
necessary profit.

Current conditions and problem sources:
Much of the grant funding for the implementation of agroforestry in Raising Cane Ranch was
supplied from NOAA. Because of this funding the various types of agroforestry had to be near a
water source to act as a riparian buffer. It is possible that some of the issues that have arisen on
this farm stem from the improper placement of each technique. This grant funding paid for the
trees required to create a silvopasture, alley cropping and forest farming system. The Snohomish
conservation district then consulted with Nick Pate, owner, and operator of Raising Cane Ranch,
as well as assisting with planting approximately half of the trees.
The alley cropping and forest farm have been relatively successful while silvopasture failed, and
this area of land is no longer used. Pate estimates that less than half of the 100-200 trees planted
in the pasture for his Scottish highland cows were taken down by the animals rubbing up against
them. Most of the surviving trees were alder and willow. Another species of cow, or another
animal entirely would potentially lead to a more successful implementation of silvopasture.
Additionally, fencing may be required around each tree until they are large enough to withstand
animal impact. While the trees were small when planted, around two feet tall, it is not thought
that larger trees would produce a different result with Scottish Highland cows specifically.
Another potential solution is to flash graze this pasture area so that the cows do not have enough
time to destroy the trees, but this requires more effort from the farmer.
In the forest farm, implemented about five years ago (2017), the walnut and chestnut trees were
planted ten feet apart, which will require them to be thinned out before they become much larger.
Pate is considering moving these trees into the alley cropping system. 160 elderberry bushes
were originally planted, and they all died during the first year. However, it is possible that the
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bushes were bad, and that their deaths were not the result of incompatible growing conditions.
Blue elderberries are more common to the east of the Cascades but are known to grow on the
west as well. The other shrubs planted, Aronia berry, huckleberry, and current are fairing much
better. Most of the nut trees are also doing well, although their growth period is quite long.
Walnut trees take eight to ten years of growth before they begin to produce. The farm is still
waiting for the English chestnut trees to grow before they produce a substantial harvest. The
Black walnut trees are not doing well, while the black locust trees are doing slightly better.
However, chestnuts and walnuts have been harvested.
The forest farm serves an economic function on Raising Cane Ranch as the owners offer this
area as “you-pick” allowing buyers to visit the farm and pick their own produce, paying $34/pound. The forest farm is situated near the back of the property, making it less enticing for
visitors as they must walk that distance carrying everything they picked. Additionally, the
markets for many of the berries and nuts grown in this forest farm are underdeveloped. Black
walnut trees can be used for lumber, as it is often used to make furniture, but the wood must be
kept straight in order to be sold for this purpose. Because of the small size of the farm -- the
forest farm is on just over an acre -- and inconsistent harvest quantities, Pate is hesitant to sell his
food to restaurants, grocery stores, or other third-party operators. To make this operation viable,
it requires significant effort from the farmer. With a wide variety of crops grown, ample
knowledge of each species is needed from the farmer making this a labor-intensive endeavor.
Next to the forest farm, is the alley cropping system with semi-dwarf cider apples grown
between rows of hay. The cider apple trees near the edge of the property are struggling to grow
due to deer consumption but the rest of the trees are doing well. The distance between rows was
determined by the size of the farming equipment. For this farm that meant the mower plus
tractor, making the distance 20 feet. The rootstock size for the cider apple trees is expected to be
approximately 16 feet in diameter, which is about the distance the trees are spaced from each
other. The trees were planted about four years ago (2018), spending the first year in pots because
they were newly grafted. Pate estimates that he harvested 40 pounds of apples from one acre and
has almost 3 acres total in alley cropping. However, most of the apples are pruned off, likely to
prevent them from falling into the hay fields.
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Economically, Pate acknowledges that this system is not as productive compared to a separate
area for hay fields and apple trees. Pate is likely going to remove the trees at the conclusion of
the study. The type of apple trees currently being grown also do not produce as many trees as
other species. As trees grow in alley cropping systems, they become problematic and create a
canopy that often provides too much shade for the crops below. Additionally, larger trees could
mean that the equipment no longer has room to maneuver through the rows. Currently, the ranch
must use a special mower to cut the grass between the trees, otherwise they would need to weed
whip all three acres of rows. Issues have also arisen from hornets nesting in the plastic wrapped
around the base of the trees (personal communication, 2022).
Carbon benefits:
There is no consensus on how to determine the carbon that above ground vegetation stores. In
1998 the EPA published a document that explains how to calculate carbon sequestered in urban
trees. While this document specifies that it is only intended to work for urban areas, based on the
assumption that the trees are spaced out, it may be a good starting point for exploring this
concept. Several categories are used to quantify carbon taken up by trees. The calculation is
performed using data on the tree type (hardwood or conifer), growth speed (slow, moderate, or
fast), tree age, number of age 0 trees planted, the survival factor, and the annual sequestration
rate. After this document was published there does not appear to be a subsequent document
published by the EPA or any like organizations.
While knowledge on above ground carbon stores is limited, some methodology exists for
quantifying carbon sequestered in soil. Regen Network has established a process for taking soil
samples and determining percent soil organic carbon. This estimate is combined with bulk
density measurements from the area to quantify soil organic carbon stocks and CO2 equivalent
stocks.
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17

Oregon State University. (2021). PNW Agroforestry Virtual Workshop Recording. OSU
MediaSpace. https://media.oregonstate.edu/media/t/1_rgn5hwgh

This recording of the virtual Agroforestry workshop contains presentations from various
experts in agroforestry throughout the Pacific Northwest. Speakers include Carrie
Brausieck, covering riparian buffers; Justin Odea on mushroom forest farming; Abel
Kloster discussing alley cropping; Corin Pease on best species for pollinators; and Steven
Lee and Ian Silvernail who are leading USDA agroforestry projects.

U.S. Department of Agriculture. (2017). Percent of state agriculture sales.
https://www.nass.usda.gov/Publications/AgCensus/2017/Online_Resources/County_Profi
les/Washington/cp53073.pdf

Because agroforestry is typically most successful on smaller farms it is important to
understand which local farms would be most likely to consider taking on this form of
agriculture. This document describes the average farm size for Whatcom County, as well
as covering the most common crops and livestock produced and sold. Also included is
the demographics of the farming population, which is important to note when looking to
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helpful for helping farmer set up a mushroom growing operation. The book covers the
steps to establish the structure to grow the mushrooms and how to market them.

Whatcom Farm to School. (2019). Crop List By Farm | Whatcom Farm-to-School | Whatcom
County, WA. Www.whatcomfarmtoschool.org.
https://www.whatcomfarmtoschool.org/resources/local-food-directory/crop-list-by-farm/

This website lists many farms in Whatcom County, and some nearby counties, with the
crops that are grown there. If certain crops are identified as the most useful for our region
this would be an excellent place to start looking to make connections at farms where they
may be willing to implement agroforestry techniques.
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